Introduction
Andersson 1992). On the other hand, morphological Fluctuating asymmetry (FA) occurs when an inditraits of high functional importance, such as skeletal vidual fails to complete identical development of an characters, usually have a low degree of F A that can otherwise bilaterally symmetric trait on both sides of only be detected by direct measurement (Moller & its body (Palmer & Strobeck 1986; Leary & Allendorf Hoglund 1991; Moller 1990 Moller , 1993b Manning & 1989) . On both sides of the body, the trait is the result Chamberlain 1994). Nevertheless, differences in the of the same genome, so FA represents a measure of degree of FA have been observed between populations epigenetic sensitivity of development to stress (Moller of the same species (e.g. Levin 1970; Parsons 1990 Parsons ). 1993a . Parsons (1991) suggested that different environmental Secondary sexual characters, mainly studied in and genetic conditions in marginal or isolated popubirds, often demonstrate high levels of FA, and in lations result in different selection pressures operating species where the female shows a preference for in small compared with large panmictic populations, enlarged male ornaments, a negative relationship and that these might affect the level of FA. Moller often exists between the degree of F A and the absolute (1993b) suggested two factors that are likely to size of the ornament (Moller 1993a ). This suggests increase the level of FA in small, isolated populations: that females might use the degree of FA in male sexual traits, and prefer exaggerated secondary sexual (1) selection against heterozygotes (Parsons 1990 ); cl~aracteristics when they give reliable information (2) intense inbreeding, which decreases genetic variabout the ability to cope with genetic and environation, resulting in the inability of organisms to have lower levels of genetic variation than those in and the sum of the proportion of these two classes is large continuous populations (Wauters et al. 1994b ). used as a measure of habitat quality (WQ , Table I ).
However, no effects of increased inbreeding on We measured right and left hind feet of 118 red survival, reproduction or condition (body mass) were squirrels to the nearest 0.5 mm using a thin ruler with found, although squirrels in large populations tended a zero stop. be of high quality. We also examine the relationship when r, is high, variation among individuals is much between FA and (i) genetic similarity among indilarger than variation within individuals, i.e. measureviduals within a population, and (ii) habitat quality. ment error (Sokal & Rohlf 1981) . In the right hind
We measured FA in the hind foot of live-caught squirfoot, r, = 0.97, in the left hind foot r, = 0.78. FA of rels from two large and six small populations, for the hind feet, the numerical left minus the numerical which we also have data on population density, reproright value, which was calculated each time foot length ductive rate and genetic variation. was measured, also had a high r, (r, = 0.94). The mean estimate of left and right hind foot length was calculated for each squirrel and used to determine the Methods level of absolute FA (unsigned left minus right hind Fieldwork was undertaken for 3 years (November foot length). 1990-November 1993) in eight study areas: two large, Hind feet did demonstrate FA as determined from continuous woodlands (C and D) and six woodland the mean value of left minus right foot length not fragments (B, H, K, X, Z and G). All study areas are differing from zero (one sample t-test, P > 0.30) and in the north of Belgium, in the province of Antwerpen. the frequency distribution not differing from norWoodland size, study area size and woodland characmality (Kolmogorov-Smirnov test, P > 0.90).
teristics are summarized in Table 1 . A woodland diver-
The winter body mass of all squirrels was measured sity index was calculated using Simpson's index of to the nearest 5 g. Body mass is a good indicator of a diversity 1 -D = 1-ZpZ2, where p, = the proportion squirrel's condition, and of both a female's reproof species i in the community (Krebs 1989) . To calductive potential, and a male's dominance and mating success (Wauters & Dhondt 1989a,b; Wauters, De L.A. Wnuters et al. Vos & Dhondt 1990) . Hence, body mass can be considered as a measure of the individual quality of an adult squirrel. Between November 1990 and November 1993, populations were studied by capture-mark-recapture techniques, combined with radio-tracking. Intensive trapping from November to March allowed us to mark all resident squirrels on the study areas. Thus, by the end of March, before reproduction and the main dispersal period (Wauters & Dhondt 1993) , all the residents in all the populations were individually marked, allowing exact measurement of the population parameters presented in Table 1 . Density was measured as the number of marked squirrels per ha (Wauters et a/. 1994b ). Females were classified as reproducing or non-reproducing depending upon whether they weaned young at least once during the study period. Immigration rate was calculated as the number of immigrants per resident adult per year (see Wauters eta/. 1994b) .
Squirrel DNA was prepared from ear tissue and analysed for minisatellite variation as described elsewhere (Wauters et al. 1994b) . To reduce the problems of statistical independence, each individual was used only once in this analysis. The number of clearly defined minisatellite fragments was counted for each track (N), and the number of fragments shared between adjacent tracks a and b (No,>) recorded. The genetic similarity between two adult squirrels (a and b) from the same population was calculated using a coefficient of similarity F = 2N0,/(N,+ N,,) (Wauters et nl. 1994b ). The population parameters and genetic similarity data are summarized in Table 1 .
Results
The degree of F A was compared between squirrels from large and small populations, and between the sexes using a two-way ANOVA. Since the sex-area interaction was not significant (F,,, ,, = 1.33, P = 0,25), an ANOVA model without the interaction term was calculated. There was no difference between the sexes, but squirrels in woodland fragments had a higher degree of FA than those in large woodlands (Fig. 1, area: F,,,,, = 3.96, P = 0.049; sex: F, ,,, = 2.22, P = 0.14).
In large woodlands, the squirrels were larger (right hind foot length: r2 = 42, meanf SD = 59.4 f 1.3mm) than in woodland fragments (rz = 76, mean f SD = 58.2 + 1.3 mm), although foot length was similar for males and females in both small and large populations (two-way ANOVA-area: F,,,,, = 22.52, P < 0.001; sex F,,,,, = 1.18, P > 0.2; sex-area interaction: F, ,,, = 0.54, P > 0.5). There was a tendency 01996 British for squirrels of both sexes to be heavier in large wood- not quite significant (two-way ANOVA: area F,,,,, = 3.43, P = 0.067; sex F,,,,, = 2.67, P = 0.1 1; area-sex F,,,,,= 0.03, P > 0.8). Excluding the area-sex interaction did not improve the ANOVA model. With an analysis of covariance, we tested the relationship of size (right hind foot length) and body mass (independent variables) with absolute F A (dependent variable), using type of population (small vs. large) as a class (SAS 1990) . Body mass significantly affected FA (F,,, ,, = 9.29, P = 0.003), but foot length did not (F,,, ,, = 3.06, P = 0.083). Because of a significant effect of type of population on the relationship between body mass and F A (class factor F,,, ,, = 4.19, P = 0.043), separate correlations were calculated for mainland and fragmented populations. In the fragments, F A was negatively correlated with body mass (v = -0,247, n = 76, P = 0,032). In the mainland populations, the relationship was not significant (v = -0,193, ?z = 42, P = 0.22).
In the fragments, females that produced offspring had a smaller degree of F A than non-reproducing females ( t = 2.14, d.f. = 30, P = 0.04, two-tailed). However, this result was not replicated in the large populations (t = 0.21, d.f. = 16, P > 0.5).
Variation in immigration rate and population size explained 76% of variation in the mean genetic similarity between populations (Table 1, multiple linear regression F,,, = 8.12, P = 0,027). Mean F A of a population, however, was not significantly correlated with the genetic similarity among its members (r = 0.262, n = 8, P = 0.53, Fig. 2) , nor with the habitat quality of the woodland that population lived in (r = -0.055, rz = 8, P = 0.9).
Discussion
It has been argued that the degree of fluctuating asymmetry (FA) of morphological traits may provide a valuable indicator of environmental and/or genetic stress (see review in Leary & Allendorf 1989). Thus, it has a potential use in conservation biology, where measurements of asymmetry can indicate that some populations are under some kind of stress (Leary & Ecology, 33, [735] [736] [737] [738] [739] [740] Allendorf 1989). Habitat fragmentation results in populations becoming subdivided in small, more or less isolated subpopulations (e.g. Opdam 1990 ). These subpopulations are likely to suffer both genetic (increased inbreeding, small effective population size; Soul& 1987) and environmental (decreased food availability) stress. The loss of genetic variation especially is considered a serious threath to small populations, and preserving actual levels of genetic variation or even increasing them by adding new animals, is an important objective in many conservation programmes (Soul6 1987).
Our data show that red squirrels in woodland fragments are smaller and have a higher degree of FA that those from adjacent large forests. Moreover, in the fragments, heavier squirrels tended to have a lower degree of asymmetry. Since body mass in red squirrels is a good indicator of competitive ability and dominance position (Wauters & Dhondt 1989a , 1993 , and heavier squirrels are more likely to reproduce successfully (females) or to mate (males) (Wauters & Dhondt 1989a , 1992 Wauters et al. 1990) , it can be argued that asymmetry increases in poor quality individuals. The smaller size and tendency towards a lower body mass in small, isolated populations provide an index that can be used in combination with the level of FA to assess the overall quality of small populations. However, because of the geographical differences in size and weight (Gurnell 1987; Wauters & Dhondt 1989b) , measurements may always have to be compared between small and large populations from the same region. Higher degrees of F A in small and/or isolated populations compared with large mainland populations have also been recorded in lizards (Sarre & Dearn 1991) . While the cheetah, a species considered to have recovered from a population-bottleneck that has extremely low levels of biochemical genetic variation, appears to have much greater levels of FA than other felids (Wayne, Modi & O'Brien 1986, but see Kieser & Groeneveld 1991). The inverse relationship found between FA and l~eterozygosity in a variety of animal groups (SoulC 1979; Kat 1982) and the fact that inbred stocks of laboratory animals have higher levels of FA than hybrids or outbred stocks (Leamy 1984; Leary, Allendorf & Knudsen 1985; Leary & Allendorf 1989) indicates an inverse relationship between genetic variation and FA. In small populations, both genetic drift and increased inbreeding could result in the loss of genetic variation. In large red squirrel populations, random dispersal of both male and female offspring seems to result in the avoidance of close inbreeding and genetic diversity is relatively high (Wauters & Dllondt 1993; Wauters et a/. 1994b) , explaining the low levels of F A in these large populations. In small populations in woodland fragments, population size and genetic diversity were lower than in populations in large forests (Wauters et a/. 1994b) . Both lower densities and lower genetic diversity in fragments were caused by a decrease in immigration (Wauters et ul. 1994b) . On the other hand, local recruitment of offspring may be higher in small populations (Wauters et nl. 1994b) . Therefore, both inbreeding (low dispersal rate) and genetic drift (small populations) are likely to occur in squirrel populations in woodland fragments and could have caused the elevated levels of FA. However, it should be borne in mind that: (i) three out of six of the small red squirrel populations had a level of FA similar to that found in the large population D (Fig. 2) ; (ii) the correlation between genetic similarity and FA across populations was not significant. It is also noteworthy that, in a study of 18 populations of pocket gophers (Thomomys bottae L.) with strong interpopulation variation in heterozygosity, Patterson & Patton (1990) found no correlation between the level of FA and genetic diversity measured by allozymic heterozygosity. In their species, the level of l~eterozygosity was more strongly related to population size and to gene flow than to developmental stability.
Environmental stress has also often been associated with increased FA in both fish and mammals (Leary & Allendorf 1989) . It might act separately or in concert with genetic stress in small populations. All of our woodland fragments had comparable woodland diversity indices to the large woodlands. The most important seed-bearing tree species for squirrels (pine, beech and oak; Wauters et nl. 1992) were present in all woodlands and data relating to female reproductive success, survival rate and space-use indicate that autumn-winter food resources are no more limiting in fragments than in large woodlands (Wauters et a/. 1994b) . However, in small fragments, woodland structure does affect male and female spacing, and foraging behaviour (Wauters, Casale & Dhondt 1994a) . Hence, it is possible that during some parts of the year, such as spring and early summer, when the squirrels feed upon a large variety of food items (Wauters et a/. 1992), differences in food abundance could occur between large and small woodlands.
We conclude that our data support the hypothesis of Moller (1993a,b) , but the differences in FA between small and large red squirrel populations were small, and not correlated with genetic diversity. Both our L.A. Wauters et al. results and those on pocket gophers (Patterson & Patton 1990) , and the fact that the majority of the studies that found good correlation between FA and genetic diversity used laboratory or captive-bred animals (see Leary & Allendorf 1989) , serve as a warning against placing to much reliance on F A as an indicator of stress in natural, small populations. We suggest that more comparative data from species with subdivided small populations are needed, and that studies need to be planned carefully as to include many populations (large sample size), before the level of FA can generally be used as an index of stress in conservation biology.
